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Abstract

In order to reveal the differentiated responses of plankton and zoobenthos to water quality on both 
annual and seasonal time scales, an ecological study on plankton and zoobenthos community was conducted 
during 2011 to 2015 in Nansi Lake in northern China. Different dynamics were found among phytoplankton, 
zooplankton, and zoobenthos in terms of density, biomass, and biodiversity. On an annual time scale and with 
deterioration of water quality, density and biomass of plankton and zoobenthos showed different variations, 
while phytoplankton (density, biomass, and biodiversity) changed significantly when water quality improved. 
On a seasonal time scale, density and biomass of phytoplankton showed significant differences between 
spring and summer. Results of Pearson’s correlation analysis revealed that phytoplankton, zooplankton, 
and zoobenthos were significantly affected by different environmental factors. Our study demonstrated that 
phytoplankton was more sensitive to water quality changes than zooplankton and zoobenthos. These results 
suggest that density and biomass of phytoplankton could rapidly reflect water quality, whereas biodiversity 
of phytoplankton could indicate long-term status of water quality combined with the physico-chemical 
parameters of water. The results could contribute to predicting the dynamics of plankton and zoobenthos 
in freshwater lakes and to selecting effective bio-indicators for ecosystem health assessment of freshwater 
lakes.
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Introduction

Biodiversity conservation in aquatic ecosystems has 
become a hotspot due to the sharp decline of biodiversity 
caused by human activities [1]. Biodiversity, which is one 
of the fundamental elements of ecosystem functioning 
[2], has been considered an important indicator that 
could be applied in biological restoration as well as 
assessing ecosystem health of a lake [3]. Previous 
studies of biodiversity in aquatic ecosystems, which 
refer to phytoplankton, zooplankton, and zoobenthos, 
focus mainly on the relationships between biological 
characteristics and environmental variables [4-5], spatio-
temporal patterns [6-8], and biological restoration [9-
11]. Yet studies on differentiated response patterns of 
biodiversity in freshwater lakes on water quality based on 
annual and seasonal analysis, as an essential work for the 
biological recovery and management of a lake ecosystem, 
are few and should be paid more attention.

Generally, phytoplankton, zooplankton, and 
zoobenthos were used to assess the ecosystem health of 
a lake [12-13]. On one hand, they reflected water quality 
directly because their density and biomass were affected 
by physico-chemical factors [14-15]. For instance, as the 
primary producer in aquatic ecosystems, phytoplankton 
grows fast in eutrophic lakes, therefore its density and 
biomass could reflect the trophic status of a lake. On the 
other hand, certain species of phytoplankton, zooplankton, 
and zoobenthos were indicators of polluted lakes [12-
13]. For instance, the dominant species of Microcystis 
indicated eutrophication of lakes [16].

Nansi Lake is the largest freshwater lake in northern 
China, with a total water area of 1,266 km2 and average 
water depth of 1.4 m. Since Nansi Lake is an important 
storage lake in the eastern route of the South-to-North 
Water Diversion Project of China, its water quality should 
meet the requirements of national water quality standards 
of grade III. Nansi Lake used to be a polluted lake in the 
1980s, but its water quality has improved greatly since 
2002. The main indexes of water quality reduced and 
water purification made great progress in 2010 and 2011 
[17]. The significant change of water quality in Nansi 
Lake provides good material to study the differentiated 
response of plankton and zoobenthos to water quality in a 
large freshwater lake.

We collected plankton, zoobenthos, and water samples 
in Nansi Lake from 2011 to 2015 and measured them in a 
laboratory. This research aims to study the differentiated 
response of plankton and zoobenthos to water quality on 
both annual and seasonal time scales in terms of density, 
biomass, and biodiversity. Furthermore, we attempted 
to reveal the mechanism of differentiated response of 
different taxa in a lake to find effective and credible 
indexes for assessment of water quality. This work would 
contribute to predicting the dynamics of plankton and 
zoobenthos in freshwater lakes and to selecting effective 
bio-indicators for the ecosystem health assessment of 
freshwater lakes.

Materials and Methods

Study Area and Sampling Sites

Nansi Lake (34°27′N~35°20′N, 116°34′E~117°21′E) 
is located in southwestern Shandong Province in northern 
China. With a total area of 1,266 km2, Nansi Lakeis the 
largest freshwater lake in northern China. The climate of 
the lake is temperate continental monsoon. A total of 10 
sampling sites were set in Nansi Lake (Fig. 1).

Sampling Methods

Biodiversity Sampling

Biodiversity samples were collected in spring and 
summer respectively during 2011-2015. Plankton samples 
were collected with plankton nets. The qualitative samples, 
which were collected by 13# plankton net (macroplankton 
samples) and 25# plankton net (microplankton samples) 
respectively, were classified with a light microscope. The 
quantitative samples were collected in different ways. 
Microplankton samples, which were collected with a  
1 L plankton sampler, were kept in brown bottles and fixed 
with Lugol’s iodine solution for microscopic enumeration. 
Macroplankton samples, which were collected with  
40 L water samples concentrated to 30 mL through a 13# 
plankton net, were fixed with formaldehyde solution for 
microscopic enumeration. Zoobenthos samples were 
collected with a grab sampler. Each sample was washed 
and sieved through a 40-mesh nylon-membrane. The 
retained materials were preserved in 75% alcohol and then 
transferred to a laboratory to be enumerated. The biomass 
of plankton and zoobenthos were calculated according to 
the Handbook of fishery natural resource investigation in 
inside water area [18]. 

Water Sampling

Water samples were collected once a year during 
2011 to 2014 and twice a year (in spring and summer, 
respectively) in 2015. Water samples were collected at a 

Fig. 1 Location and sampling sites of Nansi Lake, China.



757Differentiated Responses of Plankton...

depth of 0.5 m below the surface using a 1 L Ruttner water 
sampler. Samples were carried back to the laboratory 
as soon as possible in low temperature conditions for 
total nitrogen (TN), total phosphorus (TP), chemical 
oxygen demand (CODCr), NH3-N, and permanganate 
index (CODMn) measure. Water temperature (WT), 
water depth, transparency (SD), pH, chlorophyll a, and 
dissolved oxygen (DO) were measured in the field using 
a thermometer (WT, Beijing Purity Instrument Co., Ltd, 
China), Secchi disk (SD-20, Beijing Purity Instrument 
Co., Ltd, China), a portable pH meter (CT-6021A, 
Shenzhen Kedida Electronics Co. Ltd, China), a portable 
chlorophyll a meter (Hydrolab DS5X, HACH, USA), and 
a portable dissolved oxygen meter (HI9829, HANNA, 
Italy).

Calculation of Biodiversity

Shannon-Wiener index (H) [19] and Simpson’s 
diversity index (D) [20] were calculated by the following 
equations:

                   (1)

                (2)

…where Ni is abundance of species i, N is total abundance, 
S is species richness, and Pi is the abundance proportion 
of species i.

Statistical Analysis

Statistical analysis were performed with SPSS (Version 
19.0). Two-way ANOVA was used to analyze the effects 
of year and season on the phytoplankton, zooplankton, 
and zoobenthos. We use a Duncan test to analyze the 
significant differences of phytoplankton, zooplankton, 
and zoobenthos over five years. Pearson’s correlation 
analysis was conducted to explore the correlations 
between phytoplankton, zooplankton, zoobenthos, and 
environmental factors. 

Results

Environmental Variations

Nine indexes of water quality in Nansi Lake were 
measured in this study (Table 1). Water quality of  
Nansi Lake in 2011 was relatively good, with only TP and 
CODCr showing high concentrations and exceeding 
the national water quality standards of grade III  
(TP 0.05 mg·L-1; TN 1 mg·L-1; NH3-N 1 mg·L-1; 
CODCr 20 mg·L-1; CODMn 6 mg·L-1). The water quality 
remained good in 2012 and became better in 2013 when 
the concentrations of TP, chlorophyll a, CODCr, CODMn, 
and NH3-N decreased. However, water quality of Nansi 

Lake became worse in 2014, showing higher concen-
trations of TP, TN, CODCr, and NH3-N – probably due to 
the dry weather in 2014. This trend continued to 2015, 
causing high concentrations of TN, chlorophyll a, and 
CODCr in Nansi Lake. However, compared with 2014, 
water quality of Nansi Lake in 2015 showed slight 
improvement. 

Phytoplankton

A total of 92, 117, 119, 124, and 132 species of 
phytoplankton belonging to seven phyla were identified 
during 2011 to 2015 in Nansi Lake. During the 
whole survey period, phytoplankton density ranged 
from 2.699×105 cells·L-1 to 6.959×106 cells·L-1, and 
phytoplankton biomass ranged from 0.225 mg·L-1 to 
5.459 mg·L-1 (Fig. 2). Density and biomass of phyto-
plankton decreased during 2011-13 and then increased 
in 2014. But finally they dropped in 2015, approaching 
the lowest value. In addition, the density and biomass of 
phytoplankton in summer were larger than those in spring. 
The Shannon-Wiener index of phytoplankton ranged 
between 2.30 and 3.54 and Simpson’s diversity index of 
phytoplankton ranged between 0.66 and 0.96 in Nansi 
Lake. Biodiversity (Shannon-Wiener index and Simpson’s 
diversity index) of phytoplankton in summer was higher 
than that in spring during 2011-15. Both Shannon-Wiener 
index and Simpson’s diversity index of phytoplankton in 
Nansi Lake were roughly unchanged during 2011-14 and 
decreased in 2015 significantly.

Zooplankton

A total of 58 and 62 species of zooplankton were 
observed in Nansi Lake in 2011 and 2012, respectively, 
while 67 species were observed in 2013-14. In 2015, 65 
species of zooplankton were identified in Nansi Lake. 
Zooplankton density ranged from 2,926.36 ind.·L-1 to 

Mean 2011 2012 2013 2014 2015

TP/(mg·L-1) 0.086 0.091 0.081 0.14 0.07

TN/(mg·L-1) 0.97 1.04 1.01 1.36 2.40

Chlorophyll a/
(mg·L-1) 10.87 8.58 7.17 6.14 17.93

SD/m 0.50 0.63 0.69 0.29 0.36

Water depth/m 3.1 2.9 2.7 1.4 1.2

pH 7.63 7.58 7.95 8.26 8.18

CODCr/(mg·L-1) 21.6 25.7 21.5 23.46 26.41

CODMn/(mg·L-1)   5.59   5.67   5.23   5.46   5.38

NH3-N/(mg·L-1)   0.28   0.25   0.11   1.10   0.56

TP: total phosphorus; TN: total nitrogen; SD: transparency; 
CODCr: chemical oxygen demand; CODMn: permanganate 
index

Table 1. Water quality of Nansi Lake from 2011 to 2015.
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Fig. 2 Density, biomass, biodiversity of phytoplankton in Nansi Lake during 2011 to 2015 (a) density; b) biomass; c) Shannon-Wiener 
index; d) Simpson’s diversity index). 

Fig. 3 Density, biomass, biodiversity of zooplankton in Nansi Lake during 2011 to 2015 (a) density; b) biomass; c) Shannon-Wiener 
index; d) Simpson’s diversity index).
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5,226.58 ind.·L-1, and biomass ranged from 1.48 mg·L-

1 to 3.55 mg·L-1 (Fig. 3). Zooplankton density increased 
during 2011-13 and then decreased in 2014. It finally 
increased in 2015. Moreover, the density of zooplankton 
in summer was larger than that in spring. Biomass of 
zooplankton decreased in 2011-13 and then increased in 
2014. Finally, it decreased in 2015. The Shannon-Wiener 
index of zooplankton ranged between 2.04 and 2.72 and 
Simpson’s diversity index of zooplankton ranged between 
0.74 and 0.89 in Nansi Lake. The Shannon-Wiener index 
of zooplankton remained steady during 2011-13 and 
increased in 2014-15, whereas Simpson’s diversity index 
was steady during the whole survey period.

Zoobenthos

Fifty-two species of zoobenthos were identified in 
2014-15 in Nansi Lake, while 35, 49, and 51 species were 
found during 2011 to 2013. Zoobenthos density ranged 
from 76.40 ind.·m-2 to 1,644.92 ind.·m-2, and biomass 
ranged from 7.83 g·m-2 to 353.61 g·m-2 in Nansi Lake (Fig. 
4). Average density and biomass of zoobenthos showed 
a tendency to ascend during 2011-13 and decreased 
significantly in spring 2014. The declined trend continued 
to 2015. The Shannon-Wiener index of zoobenthos 
ranged between 1.77 and 3.36, and Simpson’s diversity 
index ranged between 0.70 and 0.86 in the lake. Shannon-
Wiener index of zoobenthos in Nansi Lake decreased 
significantly in 2014 and recovered in 2015 (whether in 

spring or summer), while Simpson’s diversity index of 
that decreased significantly in spring 2014. 

Correlations between Phytoplankton, Zooplankton, 
Zoobenthos and Environmental Factors

Pearson’s correlation analysis was conducted to 
reveal the relationships between plankton, zoobenthos, 
and environmental factors in Nansi Lake in 2015 (Table 
2). Pearson’s correlation analysis indicated that phyto-
plankton density and biomass had significantly positive 
correlations with WT and TP. The results also showed 
a positive correlation between phytoplankton diversity 
(Shannon-Wiener index and Simpson’s diversity index) 
and WT, and negative correlations between phyto-
plankton diversity, transparency and NH3-N concen-
tration. Moreover, Pearson’s correlation analysis showed 
that zooplankton density was significantly correlated  
with TN (positively) and pH (negatively) in Nansi 
Lake. There were no significant correlations between 
zooplankton biomass and environmental factors. 
Biodiversity of zooplankton was positively correlated 
with WT and negatively correlated with transparency 
and DO. Moreover, significantly positive correlations 
existed between zoobenthos density, CODCr, chlorophyll 
a, WT, and TP in Nansi Lake. Zoobenthos biomass was 
positively correlated with WT and TP. No significant 
correlations were found between environmental factors 
and zoobenthos diversity.

Fig. 4 Density, biomass, biodiversity of zoobenthos in Nansi Lake during 2011 to 2015 (a) density; b) biomass; c) Shannon-Wiener index; 
d) Simpson’s diversity index).
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Discussions

Annual Dynamics of Plankton 
and Zoobenthos

Different annual dynamics were found among 
phytoplankton, zooplankton and zoobenthos in Nansi 
Lake in terms of density, biomass and biodiversity. With 
the increase of nutrient concentration, the density of 
phytoplankton in Nansi Lake increased significantly in 
summer in 2014 and biomass of that increased signifi-
cantly in 2014 in spring and summer, which indicated 
that nutrients had important influence on the growth 
of phytoplankton, and similar results were reported 
in previous studies [21-22], while the decrease of TP, 
density, and biomass of phytoplankton in Nansi Lake 
decreased significantly in 2015. Moreover, in our study, 
density and biomass of phytoplankton were significantly 
and positively correlated with TP in 2015. This implied 

that TP is the main limiting factor of phytoplankton in  
Nansi Lake. Our study found that zooplankton density 
decreased in 2014 and then increased in 2015. One study 
showed a negative correlation between zooplankton  
density and TP [23]. Similarly, in our study, with 
the increase of TP concentration in 2014, density of 
zooplankton decreased. In addition, zooplankton biomass 
increased in 2014-15 with the increase of nutrient 
concentration in Nansi Lake. Especially noteworthy 
was the report that zooplankton biomass increased with 
the increase of NH3-N concentration [24]. In our study, 
density and biomass of zoobenthos declined in 2014 and 
2015, corresponding to the deterioration of water quality 
(higher CODCr, TP, TN, and NH3-N). A 50-year study 
in Nansi Lake also pointed out that water reduction and 
pollution can result in a decrease of zoobenthos density 
[25]. Moreover, zoobenthos was affected by sediments 
[26]. The lower water depth and water pollution in 2014-
15 may change the properties of sediments, leading to a 

Item WT pH DO SD CODCr CODMn Chlorophyll a TP TN NH3-N

Phytoplankton 
density 0.531* 0 -0.271 -0.328 0.306 0.166 0.326 0.547* 0.012 -0.242

Phytoplankton 
biomass 0.525* -0.022 -0.276 -0.329 0.293 0.165 0.301 0.555* 0.015 -0.256

Shannon-
Wiener index of 
phytoplankton

0.487* -0.344 -0.403 -0.592** 0.158 -0.01 0.32 0.437 0.161 -0.500*

Simpson’s 
diversity index of 

phytoplankton
0.502* -0.416 -0.434 -0.642** 0.177 -0.019 0.388 0.441 0.154 -0.444*

Zooplankton 
density 0.366 -0.477* -0.176 -0.433 0.036 0.015 0.07 0.301 0.640** -0.295

Zooplankton 
biomass -0.071 -0.406 -0.025 -0.108 -0.312 -0.124 -0.217 -0.183 0.1 -0.153

Shannon-
Wiener index of 

zooplankton
0.721** -0.275 -0.513* -0.553* 0.318 0.074 0.409 0.495* 0.091 -0.336

Simpson’s 
diversity index of 

zooplankton
0.642** -0.289 -0.479* -0.541* 0.204 -0.021 0.34 0.444 0.108 -0.296

Zoobenthos 
density 0.645** 0.119 -0.282 -0.339 0.479* 0.232 0.454* 0.699** 0.051 -0.309

Zoobenthos 
biomass 0.572** 0.233 -0.188 -0.27 0.425 0.23 0.4 0.626** 0.012 -0.205

Shannon-
Wiener index of 

zoobenthos
-0.326 -0.112 0.149 0.003 -0.016 -0.149 -0.052 -0.147 -0.077 0.186

Simpson’s 
diversity index of 

zoobenthos
-0.253 -0.147 0.066 -0.127 -0.038 -0.196 -0.015 -0.106 -0.069 0.202

**: Significant correlations with a = 0.01, *: Significant correlations with a = 0.05
WT: water temperature; DO: dissolved oxygen; TP: total phosphorus; TN: total nitrogen; SD: transparency; CODCr:  chemical 
oxygen demand; CODMn: permanganate index

Table 2. Pearson correlation analysis (n = 20) between phytoplankton, zooplankton, zoobenthos, and environmental factors of Nansi 
Lake in 2015. 
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decrease of zoobenthos. Compared with zooplankton 
and zoobenthos, phytoplankton was more sensitive to 
water quality change in our study. Density and biomass 
of phytoplankton changed with water quality significantly 
during the period of 2014-15, whereas those of zooplankton 
and zoobenthos had no significant changes when water 
quality improved in 2015. 

In this research, the biodiversity (Shannon-Wiener 
index and Simpson’s diversity index) of plankton and 
zoobenthos remained steady during 2011-13 and changed 
with variation of water quality in 2014 and 2015. 
However, the responses were different. The biodiversity 
of phytoplankton in Nansi Lake remained steady in  
2014, which indicated that worse water quality had  
little influence on the biodiversity of phytoplankton in a 
short time. But in 2015, biodiversity of phytoplankton 
in Nansi Lake decreased significantly, which may due 
to the increase in eutrophication [27-28]. Worse water 
quality resulted in lower zooplankton density of some 
species, while richness of zooplankton did not change in 
our study. So the Shannon-Wiener index of zooplankton 
showed that zooplankton diversity increased during 
2014-15 in Nansi Lake. Our study found that zoobenthos 
diversity changed obviously with water quality, especially 
the Shannon-Wiener index. When water quality became 
worse, the Shannon-Wiener index of zoobenthos 
decreased significantly in 2014. In 2015, when water 

quality improved slightly, the Shannon-Wiener index of 
zoobenthos increased. 

Seasonal Variations of Plankton 
and Zoobenthos in 2015

In our study, density and biomass of phytoplankton 
displayed significant differences between spring and 
summer in 2015. The higher density and biomass of 
phytoplankton in summer could be attributed to the 
higher water temperature and the deterioration of water 
quality (Table 3), and a similar result was obtained in 
Lake Chaohu [29]. This indicated that the density and 
biomass of phytoplankton made a rapid response to the 
variation of water quality. In addition, we found that 
the community composition of phytoplankton varied 
with seasons, which was also found in other lakes [30-
31]. In our study, Cryptophyta was the dominant species 
in spring, whereas Bacillariophyta was the dominant 
species in summer. However, a study of spring-summer 
successions of phytoplankton in Lake Taihu found that 
the dominant species changed from Chlorophyta to 
Cyanobacteria [31]. The difference of dominant species 
between the two lakes was probably because Lake Taihu 
was a eutrophic lake while Nansi Lake was not. However, 
unlike phytoplankton, zooplankton in Nansi Lake had  
no significant difference between spring and summer 

Season WT
(ºC) pH SD 

(m)
DO

(mg·L-1)
Chlorophyll a

(mg·L-1)
TP

(mg·L-1)
CODMn  
(mg·L-1)

CODCr 
(mg·L-1)

NH3-N 
(mg·L-1)

TN
(mg·L-1)

Spring 19.90 8.29 0.54 10.57 12.23 0.04 5.17 20.25 0.75 1.99

Summer 30.86 8.16 0.19 5.96 23.63 0.10 5.59 32.51 0.17 2.81
WT: water temperature; SD: transparency DO: dissolved oxygen; TP: total phosphorus; TN: total nitrogen; CODCr: chemical oxygen 
demand; CODMn: permanganate index

Table 3. Water quality of Nansi Lake in 2015 in different seasons.

Season Year
Phytoplankton Zooplankton Zoobenthos

H Pollution degree H Pollution degree H Pollution degree

Spring

2011 3.14 Clean 2.16 Slight pollution 2.51 Slight pollution

2012 2.91 Slight pollution 2.15 Slight pollution 2.38 Slight pollution

2013 3.24 Clean 2.09 Slight pollution 2.51 Slight pollution

2014 3.12 Clean 2.45 Slight pollution 1.77 Moderate pollution

2015 2.30 Slight pollution 2.72 Slight pollution 3.36 Clean

Summer

2011 3.24 Clean 2.09 Slight pollution 2.48 Slight pollution

2012 3.30 Clean 2.11 Slight pollution 2.37 Slight pollution

2013 3.54 Clean 2.04 Slight pollution 2.46 Slight pollution

2014 3.23 Clean 2.19 Slight pollution 2.01 Slight pollution

2015 2.86 Slight pollution 2.68 Slight pollution 3.10 Clean

Table 4. Shannon-Wiener index (H) of plankton and zoobenthos and the pollution degree of Nansi Lake in different seasons during 2011 
to 2015.
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in terms of density and biomass in 2015. Density of 
zooplankton in summer was higher than that in spring, 
whereas biomass of zooplankton was lower in summer. 
This was because density and biomass of Cladocera 
and Copepoda decreased in summer in our study, which 
probably resulted from high predation pressure by fish 
[32]. In our study, density and biomass of zoobenthos 
in summer were higher than those in spring in 2015, 
corresponding to the higher water temperature and 
nutrient concentration in summer. Moreover, our research 
revealed that both density and biomass of zoobenthos 
were positively correlated with WT and TP. It could be 
concluded that water temperature and TP had an important 
influence on zoobenthos in terms of density and biomass, 
which was similar to previous studies [15, 33].

Biodiversity (Shannon-Wiener index and Simpson’s 
diversity index) of plankton and zoobenthos showed little 
difference between spring and summer in Nansi Lake in 
2015. Therefore, it is suitable for the long-term assess-
ment of water quality. The pollution status of Nansi Lake 
was assessed using the Shannon-Wiener index (Table 
4). The results were different when we use different 
bio-indicators, which indicated that the combination of 
Shannon-Wiener index and physico-chemical parameters 
could give an overall and credible assessment of water 
quality in Nansi Lake.

Influencing Factors of Plankton 
and Zoobenthos

Different influencing factors of plankton and 
zoobenthos in Nansi Lake were found in this study. 
Pearson’s correlation analysis showed that density and 
biomass of phytoplankton had positive correlations with 
WT and TP, which indicated that WT and TP are important 
factors driving phytoplankton growth in Nansi Lake. 
A similar result was observed in previous study [34]. 
Increased water temperature promotes photosynthesis 
[35] and phytoplankton growth [36]. Nutrients, especially 
nitrogen and phosphorus, are essential for phytoplankton 
growth [37]. A study in Taihu Lake found that TP and 
TN are limiting factors of phytoplankton biomass [38]. 
Elliott et al. [39] pointed out that the increase of water 
temperature and nutrient concentration could result in 
the increase of phytoplankton biomass in a temperate 
freshwater lake. Nowrouzi and Valavi [40] found that 
phytoplankton density was affected by water temperature 
and nutrients in a freshwater lake. It could be concluded 
that water temperature and nutrients are important factors 
for determining density and biomass of phytoplankton 
in freshwater lakes. In addition, our study found that 
zooplankton density was positively correlated with TN. The 
increase of TN concentration accelerates phytoplankton 
growth [37], and therefore zooplankton density increases 
in abundant food conditions [41]. There were significantly 
positive correlations between zoobenthos (density and 
biomass), WT, and TP in our study. The results indicated 
that water temperature and nutrients had great influence 
on density and biomass of zoobenthos, which was also 

obtained in Daya Bay [15, 33]. However, previous 
research revealed that TP was negatively correlated with 
zoobenthos [42]. The different correlation between TP and 
zoobenthos in our study is probably because the properties 
of sediments in Nansi Lake make a complex influence on 
zoobenthos. 

Conclusions

Our study confirmed that plankton and zoobenthos 
had different responses to variations in water quality in 
Nansi Lake. Based on annual analysis, when water quality 
became worse, the density of phytoplankton increased 
while those of zooplankton and zoobenthos decreased. 
Meanwhile, biomass of plankton increased while that of 
zoobenthos decreased. In addition, zoobenthos diversity 
(Shannon-Wiener index and Simpson’s diversity index) 
decreased and Shannon-Wiener index of zooplankton 
increased, whereas biodiversity of phytoplankton had no 
obvious changes with the deterioration of water quality. 
When water quality improved, density and biomass 
of phytoplankton decreased significantly. Moreover, 
biodiversity of phytoplankton decreased while the 
Shannon-Wiener index of zooplankton and zoobenthos 
increased. Based on seasonal analysis, phytoplankton 
density and biomass showed significant differences 
between spring and summer in Nansi Lake. In addition, 
different influencing factors of plankton and zoobenthos 
were found in the lake. Phytoplankton was more sensitive 
to water quality change than zooplankton and zoobenthos. 
Furthermore, compared with biodiversity, density 
and biomass of phytoplankton were more sensitive to 
variations of water quality in a short time. Therefore, 
density and biomass of phytoplankton could reflect water 
quality rapidly, whereas biodiversity of phytoplankton 
could indicate the long-term status of water quality. This 
study contributes to predicting dynamics of plankton and 
zoobenthos in freshwater lakes and to selecting effective 
bio-indicators for assessing the ecosystem health of 
freshwater lakes.

Acknowledgements

This study was financially supported by the National 
Natural Science Foundation of China (No. 31200426) and 
the Fundamental Research Funds of Shandong University 
(No. 2015JC023). 

References

1. JOHNSON N., REVENGA C., ECHEVERRIA J. Managing 
water for people and nature. Science, 292 (5519), 1071, 
2001.

2. HOOPER D.U., CHAPIN F.S., EWEL J.J., HECTOR A., 
INCHAUSTI P., LAVOREL S., LAWTON J.H., LODGE 
D.M., LOREAU M., NAEEM S., SCHMID B., SETÄLÄ 
H., SYMSTAD A.J., VANDERMEER J., WARDLE 



763Differentiated Responses of Plankton...

D.A. Effects of biodiversity on ecosystem functioning:  
a consensus of current knowledge. Ecological monographs, 
75, 3, 2005.

3. MOISEENKO T.I., SHAROV A.N., VANDISH O.I., 
KUDRYAVTSEVA L.P., GASHKINA N.A., ROSE C. 
Long-term modification of arctic lake ecosystems: reference 
condition, degradation under toxic impacts and recovery 
(case study Imandra Lakes, Russia). Limnologica-Ecology 
and Management of Inland Waters, 39, 1, 2009.

4. NAPIÓRKOWSKA-KRZEBIETKE A., STAWECHI 
K., PYKA J.P., HUTOROWICZ J., ZDANOWSKI B. 
Phytoplankton in relation to water quality of a mesotrophic 
lake. Polish Journal of Environmental Studies, 22 (3), 793, 
2013.

5. WU L., FENG W. Temporal heterogeneity of plankton 
community in Lake Dianchi and its relation to environmental 
factors. Journal of Freshwater Ecology. 27 (2), 229, 2012.

6. DEJEN E., VIJVERBERG J., NAGELKERKE L.A., 
SIBBING F.A. Temporal and spatial distribution of 
microcrustacean zooplankton in relation to turbidity and 
other environmental factors in a large tropical lake (L. Tana, 
Ethiopia). Hydrobiologia, 513, 39, 2004.

7. STOMP M., HUISMAN J., MITTELBACH G.G., 
LITCHMAN E., KLAUSMEIER C.A. Large-scale 
biodiversity patterns in freshwater phytoplankton. Ecology, 
92 (11), 2096, 2011.

8. YU Z., LIU J., HE T., WANG R. Patterns of macroinver-
tebrate richness in 62 lakes in China. Journal of Freshwater 
Ecology, 30 (3), 323 2015.

9. KELLER W., YAN N.D., GUNN J.M., HENEBERRY J. 
Recovery of acidified lakes: lessons from Sudbury, Ontario, 
Canada. Water Air & Soil Pollution Focus, 7, 317, 2007.

10. PISCIA R., YAN N.D., MANCA M.M. Mechanisms 
underlying recovery of zooplankton in Lake Orta after 
liming. Journal of Limnology, 75 (s2), 2016.

11. WINTER J.G., KELLER W., PATERSON A.M., YAN N. D. 
Three decades of recovery of the phytoplankton community 
in Clearwater Lake (Sudbury, Canada) from acid and metal 
contamination. Verh. Internat. Verein. Limnol., 30 (2), 247, 
2008.

12. JAKHAR P. Role of phytoplankton and zooplankton as 
health indicators of aquatic ecosystem: a review. Ijirs 
Com, 2, 489, 2013.

13. XIONG J., MEI X.A., HU C.L. Comparative study on the 
community structure and biodiversity of zoobenthos in lakes 
of different pollution states. Journal of Lake Science, 15 (2), 
160, 2003. [In Chinese].

14. CARPENTER S.R., COLE J.J., PACE M.L., WILKINSON 
G.M. Response of plankton to nutrients, planktivory and 
terrestrial organic matter: a model analysis of whole-lake 
experiments. Ecology letters, 19 (3), 230, 2016.

15. WANG Y.S., SUN C.C., LOU Z.P., WANG H., MITCHELL 
B., WU M.L., SUN Z.X. Identification of water quality and 
benthos characteristics in Daya Bay, China, from 2001 to 
2004. Oceanological and Hydrobiological Studies, 40 (1), 
82, 2011.

16. QIAN K.M., CHEN Y.W., SONG X.L. Long-term 
development of phytoplankton dominant species related to 
eutrophicarion in Lake Taihu. Ecological Science, 27, 65, 
2008 [In Chinese].

17. WU Z.H., ZHANG K., JIN L.R., YANG L.K., ZHANG 
J. Analysis of spatial distribution of water quality and 
assessment of water quality improvement in Nansi 
Lake. Water Resources Protection, 28 (6), 1, 2012. 

18. ZHANG J.M., HE Z.H. Handbook of fishery natural  
resource investigation in inside water area. Agriculture 

Press, Beijing, China, 26, 1991 [In Chinese].
19. SHANNON C.E., WIENER V. Amathematical Theory of 

Communication. University Press, Illinois Urban, 101, 1949.
20. SIMPSON E.H. Measurement of diversity. Nature, 163, 688, 

1949.
21. LV J., WU H., CHEN M. Effects of nitrogen and phosphorus 

on phytoplankton composition and biomass in 15 subtropical, 
urban shallow lakes in Wuhan, China. Limnologica-Ecology 
and Management of Inland Waters, 41 (1), 48, 2011.

22. WANG L., WANG C., DENG D., ZHAO X., ZHOU 
Z. Temporal and spatial variations in phytoplankton: 
correlations with environmental factors in Shengjin Lake, 
China. Environmental Science and Pollution Research, 22 
(18), 14144, 2015.

23. JOSEPH B., YAMAKANAMARDI S.M. Monthly changes 
in the abundance and biomass of zooplankton and water 
quality parameters in Kukkarahalli Lake of Mysore, 
India. Journal of Environmental Biology. 32 (5), 551, 
2011.

24. WANG Y.S., LOU Z.P., SUN C.C., WANG H., MITCHELL 
B.G., WU M.L., DENG C. Identification of water quality 
and zooplankton characteristics in Daya Bay, China, from 
2001 to 2004. Environmental Earth Sciences, 66 (2), 655, 
2012.

25.  ZHANG Z.L., XIN L.J., LIANG C.L. The analysis of 
hydrological characteristics and processes of ecosystem 
in Lake Nansi during the past 50 years. Geographical 
Research, 26 (5), 957, 2007 [In Chinese].

26. KILGOUR B., CLARKIN C., MORTON W., BALDWIN R. 
Influence of nutrients in water and sediments on the spatial 
distributions of benthos in Lake Simcoe. Journal of Great 
Lakes Research, 34 (2), 365, 2008.

27. PATUREJ E. Assessment of the trophic state of the coastal 
Lake Gardno based on community structure and zooplankton-
related indices, IEEE, 2006.

28. THAKUR R.K., JINDAL R., SINGH U.B., AHLUWALIA 
A.S. Plankton diversity and water quality assessment of three 
freshwater lakes of Mandi (Himachal Pradesh, India) with 
special reference to planktonic indicators. Environmental 
Monitoring & Assessment, 185 (10), 8355, 2013.

29. JIANG Y.J., HE W., LIU W.X., QIN N., OUYANG H.L., 
WANG Q.M., KONG X.Z., HE Q.S., YANG C., YANG B., 
XU F.L. The seasonal and spatial variations of phytoplankton 
community and their correlation with environmental factors 
in a large eutrophic Chinese lake (Lake Chaohu). Ecological 
Indicators, 40, 58, 2014.

30. CARRICK H., BARBIERO R.P., TUCHMAN M. Variation 
in Lake Michigan plankton: temporal, spatial, and historical 
trends. Journal of Great Lakes Research, 27 (4), 467, 
2001.

31. KE Z., XIE P., GUO L. Controlling factors of spring-summer 
phytoplankton succession in Lake Taihu (Meiliang Bay, 
China). Hydrobiologia, 607 (1), 41, 2008.

32. WANG W.G., ZHANG S.S. Community structure and 
seasonal variations of crustacean zooplankton (Cladocera, 
Copepoda) in Fuyang Section of the Shaying River. Journal 
of Hydroecology, 35 (1), 34, 2014 [In Chinese].

33. WANG Y.S., LOU Z.P., SUN C.C., SUN S. Ecological 
environment changes in Daya Bay, China, from 1982 to 
2004. Marine Pollution Bulletin, 56 (11), 1871, 2008.

34. KOZAK A., GOŁDYN R. Variation in phyto- and 
zooplankton of restored Lake Uzarzewskie. Polish Journal 
of Environmental Studies, 23 (4), 1201, 2014.

35. FENG Y., HARE C.E., LEBLANC K., ROSE J.M., ZHANG 
Y., DITULLIO G.R., LEE P.A., WELHELM S.W., ROWE 
J.M., SUN J., NEMCEK N., GUEGUEN C., PASSOW U., 



764 Meng J., et al.

BENNER I., BROWN C., HUTCHINS D.A. The effects  
of increased pCO2 and temperature on the North Atlantic 
spring bloom: I. The phytoplankton community and 
biogeochemical response. Marine Ecology Progress 
Series, 388, 13, 2009.

36. STAEHR P.A., SAND-JENSEN K.A.J. Seasonal changes 
in temperature and nutrient control of photosynthesis, 
respiration and growth of natural phytoplankton 
communities. Freshwater Biology, 51 (2), 249, 2006.

37. XU H., PAERL H.W., QIN B., ZHU G., GAO G. Nitrogen and 
phosphorus inputs control phytoplankton growth in eutrophic 
Lake Taihu, China. Limnology and Oceanography, 55 (1), 
420, 2010.

38. WANG X., LU Y., HE G., HAN J., WANG T. Multivariate 
analysis of interactions between phytoplankton biomass and 
environmental variables in Taihu Lake, China. Environmental 
monitoring and assessment, 133 (1-3), 243, 2007.

39. ELLIOTT J.A., JONES I.D., THACKERAY S.J. Testing 
the sensitivity of phytoplankton communities to changes 
in water temperature and nutrient load, in a temperate 
lake. Hydrobiologia, 559 (1), 401, 2006.

40. NOWROUZI S., VALAVI H. Effects of environmental 
factors on phytoplankton abundance and diversity in Kaftar 
Lake. Journal of Fisheries and Aquatic Science, 6 (2), 130, 
2011.

41. LI X., YU H., MA C. Zooplankton community structure in 
relation to environmental factors and ecological assessment 
of water quality in the Harbin Section of the Songhua 
River. Chinese Journal of Oceanology and Limnology, 32, 
1344, 2014. 

42. WANG Y.D., XIONG B.X., CHEN C.B., HU H.S. The effect 
of environment factors on life activity of zoobenthos. Journal 
of Zhejiang Ocean University, 24, 253, 2005 [In Chinese].


